Abstract. Increasing evidence suggests that miR-205 is frequently dysregulated in many types of human cancers, suggesting its important roles in the initiation and progression of cancer. However, the functions of miR-205 in human endometrial endometrioid carcinoma (EEC) are still unknown. In this study, we investigated the expression of miR-205 in both normal endometrium and EEC tissues using TaqMan PCR. Compared to normal tissues, miR-205 was significantly upregulated in EEC (P<0.001). After transfection of miR-205 inhibitors into Ishikawa cells (or transfection of miR-205 mimics into AN3CA cells), we demonstrated that the cellular proliferation, migration and invasion properties were negatively regulated by miR-205. Moreover, by combination of microRNA target prediction algorithms and luciferase reporter system, we identified estrogen-related receptor-γ (ESRRG) as a target of miR-205. In conclusion, we demonstrated frequent upregulation of miR-205 in EEC. In gain-of-function and loss-of-function assays, inhibition of miR-205 reduced cellular proliferation, migration and invasion; vice versa, increased levels of miR-205 led to upregulated cellular proliferation, migration and invasion. Nonetheless, we identified the ESRRG gene to be a novel target, which could be helpful to elucidate mechanisms underlying the tumorigenesis of EEC.
Introduction
Endometrial cancer is the most common malignancy of the female genital system, and in 2011 it led to an estimated 8,120 deaths in the USA (1) . The majority of endometrial cancers (72%) are detected at an early stage (stage I-II); however, 28% of patients have regional or distant metastasis at diagnosis (20% in stage III and 8% in stage IV) (2) . Endometrial endometrioid carcinoma (EEC) accounts for 80-90% of the cases of endometrial cancers. Although EEC has a relatively low mortality rate, some tumors are aggressive and insensitive to surgery, chemotherapy or radiation therapy. For patients with localized disease, hysterectomy and bilateral salpingo-oophorectomy remain the primary and most effective treatment. However, the etiology of endometrial cancer remains unclear. Therefore, there is an urgent need for new therapeutic targets and strategies, both of which may be obtained through an increased understanding of the molecular mechanisms involved in endometrial tumorigenesis. microRNAs (miRNAs) are a group of non-coding nucleic acids which regulate gene expression by facilitating the degradation or translational inhibition of their target mRNAs. miRNAs are reported to play important roles in cancer by regulating basic cellular functions including proliferation, differentiation and cell death (3, 4) . Recently, it has been revealed that the expression of miR-205 is altered in human EEC (5, 6) ; however, the function of miR-205 in EEC remains unclear.
In this study, we investigated the potential roles of miR-205 in EEC. Moreover, we identified estrogen-related receptor-γ (ESRRG) to be a novel target of miR-205. After overnight incubation, the media were removed and cell proliferation was evaluated using the MTT assay as previously described (9) .
Materials and methods
Wound healing assay. Ishikawa (or AN3CA) cells were seeded in 6-well plates (4x10 5 cells/well) the day before transfection, and then transfected with miR-205 inhibitor (or miR-205 mimics) duplexes using Lipofectamine™ 2000. The wound healing assay was performed 24 h post-transfection as previously described (10) .
Transwell migration assay. Ishikawa (or AN3CA cells) (5x10 4 /well) were placed in serum-free medium in the top chamber of Transwell migration chambers (Corning, Inc., Corning, NY, USA). After a 24 h incubation at 37˚C, the cells adhering to the lower membrane were fixed in 4% paraformaldehyde at room temperature for 20 min and then stained with crystal violet staining solution (Beyotime Institute Biotech, Shanghai, China) overnight. The stained cells were visualized under a microscope and counted.
Western blotting. Proteins were separated on 10% SDS-PAGE gels, transferred to PVDF membranes, blocked with 5% non-fat milk and incubated with the mouse anti-human ESRRG monoclonal antibody (R&D Systems, Minneapolis, MN, USA) or mouse anti-β-actin monoclonal antibody (Proteintech Group, Chicago, IL, USA). Immunoreactivity was visualized using SuperSignal West Pico Chemiluminescent Substrate (Thermo Scientific, Rockford, IL, USA) and Kodak XAR-5 film (Sigma-Aldrich, St. Louis, MO, USA). 
Construction of reporter plasmids and luciferase assays.
The partial 3' untranslated region (3'UTR) of human ESRRG mRNA was cloned between the SpeI and PmeI sites of the pMIR-REPORT™ vector (Applied Biosystems). The length cloned was 869 bp. A 60-bp mutant ESRRG 3'UTR was also cloned into the pMIR-REPORT™ vector, which was mutated by the principle of complementary base pairing to disrupt the miR-205 binding sites. The day prior to transfection, 293T cells were seeded in 96-well plates (4x10 3 cells/well) to achieve ~70% confluency. The cells were co-transfected with pMIR-REPORT™ constructs containing the wild-type or mutated ESRRG 3'UTR (50 ng/well), pRL-SV40 Renilla luciferase (5 ng/well) and miR-205 mimics (38 nM/well). The luciferase assay was performed 48 h later as previously described (11) .
Statistical analysis. All values are presented as means ± SE where appropriate. Categorical data were analyzed using the χ 2 test. Quantitative values were evaluated by t-tests or one-way ANOVA using SPSS 16.0 (SPSS, Chicago, IL, USA); P<0.05 was considered to indicate a statistically significant result.
Results

MiR-205 is overexpressed in EEC tissues.
We found that miR-205 was significantly overexpressed in EEC samples when compared with that in the normal control (χ 2 =7.146, P=0.008) (Fig. 1) . miR-205 was also expressed at high levels in Ishikawa, moderate levels in KLE, and very low levels in AN3CA cells (Fig. 1B) .
We analyzed the relationship between miR-205 and FIGO stage, histological grade, myometrial invasion, nodal metastasis and estrogen receptor (ER) status in the EEC cases. However, no association was observed between the expression of miR-205 and these clinicopathological features of the EEC cases (Table I) .
Inhibition of miR-205 suppresses cellular proliferation, migration and invasion in Ishikawa cells.
We transfected the miR-205 inhibitors into Ishikawa cells for loss-of-function assays. The expression of miR-205 was significantly reduced 72 h after transfection (Fig. 2A) . The MTT assay demonstrated that inhibition of miR-205 inhibited the growth of Ishikawa cells at 24, 48 and 72 h (Fig. 2B) . Downregulation of miR-205 also significantly reduced the migratory and invasive abilities of Ishikawa cells (Fig. 2C and D) .
Restoration of miR-205 promotes proliferation, migration and invasion of AN3CA cells.
We transfected the miR-205 mimics into AN3CA cells for the gain-of-function assays. After transfection, AN3CA cells showed enhanced proliferation, migration and invasion properties (Fig. 3) . 
A B
miR-205 directly targets ESRRG. Human ESRRG was predicted to be a target of miR-205 by TargetScanHuman 6.0 (12) . Additionally, ESRRG mRNA and protein expression was negatively correlated with miR-205 levels in the EEC cell lines (Fig. 4) .
To determine whether miR-205 regulates expression of ESRRG via the miR-205 binding sites in its 3'UTR, we cloned a fragment of the ESRRG 3'UTR containing the two predicted miR-205 binding sites into a luciferase reporter vector to generate ESRRG_wt (Fig. 5A) . The luciferase activity of As the 3'UTR of ESRRG mRNA contains two putative miR-205-binding sites, we mutated the miRNA-binding seed regions of these sites to prevent miRNA binding and created ESRRG_mut1, ESRRG_mut2 and ESRRG_mut3 (Fig. 5B) . When the first miR-205-binding site was mutated (ESRRG_mut1) or both miR-205-binding sites were mutated (ESRRG_mut3), the ability of miR-205 mimics to silence reporter gene expression was completely inhibited (Fig. 5C) . Mutation of the second miR-205-binding site (ESRRG_mut2) had no effect, suggesting that the first one is the real binding (Fig. 5C) . Collectively, these results indicate that ESRRG is a direct target gene of miR-205.
Discussion
Recent studies have indicated that miR-205 is dysregulated in many types of cancer, such as head and neck cancer (13) , squamous cell carcinoma (11) and bladder cancer (14) . By TaqMan PCR, we observed that miR-205 was upregulated in EEC compared to normal endometrium (P<0.001), as well as in the two EEC cell lines, Ishikawa and KLE.
In the gain-and loss-of-function assay, our data indicated that downregulation of miR-205 suppressed the proliferation and migration of Ishikawa cells; conversely, upregulation of miR-205 promoted these properties of AN3CA cells. Therefore, we suggest that miR-205 plays a role as an oncomiR in EEC.
To date, many genes have been identified to be targets of miR-205, including the tumor suppressors SHIP2 (11) and MED1 (15) , the oncogenes E2F1, E2F5 and PKCε (16) , and the pro-metastatic genes Zeb1 and Zeb2 (17) . By microRNA target prediction software, we proposed ESRRG as a target of miR-205, which was confirmed in the luciferase reporter assays. These results suggest that miR-205 acts as an oncomiR through targeting ESRRG.
ESRRG (ERRγ), a member of the estrogen-related receptors (ERRs), shares a significant homology with the classical estrogen receptors (ERs) at the amino acid level, and is constitutively activated even in the absence of estrogen. Recently, ESRRG was shown to function as a tumor suppressor in several types of cancers. Tiraby et al reported that increased expression of ESRRG upregulated E-cadherin, promoted the mesenchymal-to-epithelial transition and suppressed breast cancer growth in vivo (18) . Likewise, transfection of ESRRG into the LnCaP and DU145 prostate cancer cell lines significantly suppressed proliferation in vitro and tumorigenicity in vivo (19) . In the present study, inhibition of miR-205 increased the protein expression of ESRRG, and suppressed cell proliferation, migration and invasion.
In summary, we found frequent upregulation of miR-205 in EEC. In the gain-and loss-of-functions assays, inhibition of miR-205 reduced cellular proliferation, migration and invasion; conversely, upregulated levels of miR-205 led to increased cellular proliferation, migration and invasion. We identified the ESRRG gene to be a novel target, which could be helpful to elucidate mechanisms underlying the tumorigenesis of EEC.
